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1. Abstract
Streams etched into the limbs of growing folds provide a record of progressive 
structural and geomorphic evolution. With the advent of high resolution lidar, the 
geomorphology of these streams can be precisely characterized. The Yakima fold 
thrust belt represents a structural sub-province of the Columbia plateau that ac-
commodates shortening of the Washington tectonic block from oblique subduc-
tion of the Juan de Fuca plate beneath the North American plate. Despite the 
well-preserved structure and durable bedrock fold surface of many Yakima folds, 
the kinematic evolution of these structures remains largely unknown. As channels 
incise into a growing fold, spatial patterns of incision, channel knickpoints, and 
channel steepness - a measure of slope normalized by drainage area - can be used 
to dierentiate between dierent models of fold growth. These indices allow us to 
distinguish growth models such as limb lengthening through the fold crest, the 
fold toe, limb rotation and a curved-limb trishear model. Each model predicts spe-
cic spatial distributions of erosion and channel evolution along the limb of a 
growing fold. Cleman Mountain near Yakima, Washington, provides an ideal folded 
intact slope of Miocene age Columbia River Basalt with incised sub-parallel chan-
nels with and available lidar from which to measure these spatial patterns. We use 
a triangular irregular network to reconstruct the original pre-erosion fold surface 
to extract the location of deepest incision, and a digital topographic toolset cre-
ated by geomorphtools.org to assess channel steepness, incision, and the location 
of channel knickpoints. Preliminary analysis of channels on Cleman Mountain sug-
gests deepest incision toward the east in a style resembling trishear or limb rota-
tion. This style of fold growth could also represent a kinematic style of operation 
for other structures within the Yakima fold thrust belt.
2. Background
3. Surface Reconstruction
4. Results
5. Conclusions
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Figure 1. | Location Map
Cleman Mountain within the Yakima Fold Thrust 
Belt and Cascadia Subduction Zone (inset)
Figure 8. | Evans Canyon Channel Profile
Longitudinal channel profile showing elevation and drainage area with inset 
slope-area (steepness) plot
1. Lidar analysis or stream channels and topographic reconstruction of original 
surfaces allows for the parameterization of slope characteristics such as knick 
points, channel incision and steepness which can be used to gain a better 
understanding of fold growth along Cleman Mountain.
2. The spatial distribution of knick points and the weak relationship with location of 
deepest incision indicates that knicks are not likely equilibrium features, and more 
transient features related to growth. 
3. Relatively constant location of deepest incision resembles a constant limb length 
model like trishear or limb rotation compared to limb lengthening at the fold toe or 
crest. 
4. Considering along strike variations, with an estimated erosion rate I plan to 
conrm hypothetical growth of the fold laterally to the Northwest.   
1. Kirby, E., & Whipple, K. X. Journal of Structural Geology (2012).
2. Goode, J. K., & Burbank, D. W. Journal of Geophysical Research (2011).
3. Blakely, R. J. et al. Journal of Geophysical Research (2011).
4. Oskin, M.E. et al. Journal of Geophysical Research (2014).
Figure 3. | Cleman Mountain Field Photo
Cleman Mountain with interpretive lines. Green lines show slumped Ellensburg 
Formation, while black lines shows Columbia River Basalt ow tops diping with the 
hill, conrming the dip slope
Figure 4. | Triangular Irregular Network Generation
Streams Identified (A),Original surface is digitized from slope (B), converted 
to points(C), then used to generate the TIN and DEM (D)
Figure 7. | Accuracy 
Assessment of T.I.N.
A representation of TIN 
surface and nodes 
compared to channel 
elevation. Arrows highlight 
the relative incision depth 
along the longitudinal 
profile. 600
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Figure 5. | Channel Steepness and Incision Depth along Cleman Mountain, WA
Steepness of Channels along Cleman Mountain, generally increasing to the South East, with warmer colors as steeper 
channels. Incision depth below the reconstructed surface, generally more incision in the South East. Location of deepest 
incision and knickpoints are included. 
Figure 6. | Deepest Incision and Knicks 
The distance from the mouth and 
elevation of the location of deepest 
incision in each stream channel. The 
distribution leads to an interpretation of 
fold growth. 
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Figure 2. | Fold Models and  Deepest Incision 
The general kinematic models we are 
differentiating between, and the expected 
location of deepest incision as a function of time 
which is also shown in normalized profile
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